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[ASH 

211- 2*V ^"SHl ^o-s.^, %si-^-#^- ^^s. 

-8-sKa, e1»^-# a=fe e]fl-g-^l |-^o S a>-§-*v^ t>l^-g-^ e}# 2%\ 

£*flaH 5U<>H, ^°JM xi 1^*0.3. -R-siXl-S <M-8-*|-:a, 

XI 2^£°.3. oil ^il olS(EC), =S««7Vfi.i-1lolM(PC), -SifHSL), ^ tfH-^ 

tlHS(DMC), °111?ln11S^l?>a.tilolE( EM c) ; t^ofl if^H^ ojE ( DEC ) ( 
°1M(MPC), n||^aS.2l^.i-ilolM(MP), <H|^S.S.sl^.i4)olE(EP) l v\] ^o>^ Bfl o) e ( M ) ; ofl 
^o>4Eflo|E( EA ) > hs-^oMIeIMeXpa), nHlHliE|l = (DME), 1,3-^^-i^, Bfleef 
sVol^S-^^rCTHF), ^ 2-tf|HEflS.el-5>clc S ^^(2- MeT HF)o.S ^-f^^ ^nfls] 

'fe- 3^-S-tII, g ^7>xl« s^-sfe ^-g- ei# ^s] 

2*} ^=fl°Ji# XI ell- ^3E) z%\ tt+q <£^* 

« =r aw. 
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elfl- -git) *I*l-g- ^sfl-aHAn Electrolyte for Lithium Sulfur batteries} 
^ltr -£*] 

[4*°1 #*Kr 7l^*0> ^ «0>^ ^Efl7l*] 

<i> -g- ^7Ml7> ^7>^ elf- ^s] 2*1- £*l-g- #*B<3H ^rtt c]^- 

^■ll*>7flfe 3^£-7fl ^«fl^* ^>-§-*m -g=l 2%\ €*I] 0 ->M1 

ell- ^al 2*> #*ls1 s.^ ^ <?>^^* ^^H^r *rfe e)# ^ 
a] 2*} 3*1^ ^Sfl°flo)) 5gi$- $o)t\-. 

<2> 4ftfl-g- IWI ^ 2X> t^-t #7M7lJl Oluf. flLtfl 

-§- 7] S\ ^#±2] ^MH Jf-§-^ ^ Jl ^Ui^l ^££1 -f-^-o] ^ 

il^SU 91°-*], o}?.]^ ^ofl ^-g-3>7l 3*lWfe o].^*>ji «r^€^2j 

<3> oieitb Jl^» ^Ai7]^ <^e-l 7}7] 3*1-1- ^ofl el-f-^sl^^l^ ^fl^i 7 fl4H) 
3. Si^ #*1 # <-Ki*l ^S^H 7}# , sH-^l 3830 mAh/g, 

%(S 8 )2l oflui^l ^£71- 1675 mAh/g°.S ^sl^- ^Ml7> &*1-^. ^s}-*! 

l-^olM- ol Ali^o.^. 4}-g-5Hl -^tr ^^^icf. 

<4> slf- ^s] 7 ). ^--g-s).^ ^ ft^ <>1 o.Al Jg-g- %^3)5L Af-g-sV^ 

°<H 3*1 vfl ^sH^ ^Vsh«-^ wT-g-'H] #<*lSHr %2l <£* M-Hl-m^ ol^- 
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-§r°l 3*1 -8-** M-E^cHf- 

<6> ^16,030, raOJMMfc- ^-8-°fl7l- R 1 (CH 2 CH 2 0) n R 2 M7HH n-S: 2 ifl*l 10 

olji, R£- £g afe ^.g.^ (donor) 15 o]^-oi ^ .g. 

< 7 > ofl Efl h (crown ether), 3. H^iL (crypt and) , S.^ -g-f)l(donor 

number) f- ^<>\ S _ is}^ i^afe -g-nfl* i^r^r ^sfl #SIH# ^>-g-?r4. 

<8> n^Ji, ^ ^Sr^AS. ?fl*eMS-(catholyte)7 r ^fl^o.^. 3*12} 

^l^elH^i ^i€i(separation distance)7> 400 w °]^}°]^. 

o> v]^ M-v) ^15,961, 672J:oll^fe ell- ^ ^-#ofl ^e)^ <ga] ^tg 

*r <L>^* 7fl^s>7l IMS] LiS0 3 CF 3> l,3-^±.^M=L^/^S.^/t\^X\dfi 

?K 50/20/10/20) 2} Hi #21 ^Sfl^O-S A r -§-^r ^ 7flAl«1-Jl ^i}. 

<10> nl^-s-s] ^ 5,523179X21- nl^-S-*l 5,814,4203: ^ ^ 6,030,720J> °fl 

<11> ^ t =4=* A}-g-tg-o.3.*l 3*1^2] <£$s. afl^Sfld) ti-tHr «■ 

<12> #712} 3)0] o. Sfe -f ^ifj-^ol ^f. 

^#*Rr <ffl^ei-oiE7> «a=^-a^^M ^-o> ^i-i- ^Ai^ d ©i# 7i^ 
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<13> -g-^-i- Bfl^*>7l ^tV nl^-s-s] ^16,017,651^, n)^^ ^1 

6,025,0945: ^ nl^-s.^ *fl5,961 ,672Ji ^Htt a^ofl iLJ^-g: ^^Rr 

<14> ^-7131 &)# iX^cl ^lcflS. ^*l-7l ^-8r $9 ol-g-^ ^<y^_ ^o. 

<15> cfl-^S-Sl 211- JS.J:s]"§-£- ^17> ^ ^Sflofl # ^7>^Sf e)#Sl HV-g-ofl S} 

sfl el# iLs^l ^^sl£s- °1 H o v, a^ ^ ^ ^llJsM **}^ 

-^^si ^*fl^ol el# #4^1 ^Sfl ^ $i7fl ^cffe -g-;^°l Sir}. 

<ie> se tb7M ^ °-3-?s l-et-^nl-* ell- ^-§-^1^ M. eW c 

(Li 3 N)^ elfl- S^ofl ^^a)71^ «J-^ol ojo.4 0 ) -i^oi HV^-u-lsl (grain 

boundary)* f-tF ^^fl^sl ^^-7> 7>^s>ji, eH-q-^E e>olH.7> ^^1 =L %o] 

£-sfls)7l ^Jl -^-^^.tq-s S.x&l£ (potential window)7l- #o r (0.45 V) ^]S. 

<17> a 4-g- ^O-S.^- LiP0N(Litium phosphorus oxyni tr ide)-g- elfl-S^^l i^El^ 
«rfe ^°\] ^3) ^* <y*l^ ^^-r, sl«ll LiPON-E 
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<18> 



2] -8-^ i^l SEI7> &$\°»o] ?)ce|.o]EO| ^ 

s -i-^ sei» ^-g-g, ^ ^ ^7Mis ^7>sh 

<20> <a=^-AS. ^i-g-isi-jiL, ell-g-^ afe -g-^-AS. A}-g-S} 



<21> 



<22> 



#7) ^Sfl°!jc>l i^«-o. s ^^31 ^ n -fK£3l-i- Al-g-^Jl, ^1 afl<Si& 

^flU ^iT-l-a. ttl^l S(EMC), Cl°llW?l-a.LllOlE( DEC ) > 0||l£Sfl ? }il1lolE( M p C ) i P|||£S 
^^.tilolEfMp)^ 0)l^H S Sl^ t )l0lE( E p) i Dfl^C.H]EflolE( MA ) > 0)H6HlEfl0lE( EA ) > X 

^oMl^l^MCPA), cHHHli3l=-(DME), l,3-^;h3h BflSEl-sH^S^ffKTHF), ^ 
2-nfllEflE^§i-olc S .=. ? 3-( 2 - M eTHF)^.S ol^-ol^l AjiS}s]i=. ^ o. a}^.*}^ 3 

•^€-31 ^ ^7H1# £^-5Kr 3* ^SLS. e) # ^ 2*} #7.|-g- ^sfl^ 

°l5>. £ cl^ 7J-C1-. 
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< 23 > iqf- 2 *> ^«j-^g>^ ^ o. ^x) ^Tgo)l <8** *1*1tt -S-i #2] *m 

ej-<8$* nl^i-d], 2 * r ^HHfe ^*Ul -g-^ a^<H] SEKSolid 

Electrolyte Interf ace)7> #*fl°!H y-sflsqigAi ^h]^ cn^efol e o) *g^-§. <^^]t}^r 

<24> ^-tg^xl^ ,g.=. a^^l SEI« ^^s>^cll £-§-o] |7M§ ^Sflofl^ ^ 7 ]. 

*M ^Al ? l^> SEI21 £-§-cl s)i=. ^7>^1# 3^£ n # 

<25> ^7}^lS.^- ul^^l 7fa.t|lo]E(vinylene Carbonate), -gsM^ 

(Ethylene Sulfite), ^ Hli^-^ ?h>iUH 0 lS(Bisnieth Carbonate)^ o]s.o]^l ^-o^ *\ 

<26> Aj- 7 j ^7>^e] <#,g- ^-TllHlS. #sfl°J) ^i^fl^^l tfl*H 0.2 10 %« A]-g- 

<27> ^7>^]21 <y=ol 0.2 % olSHlg ^7M2] H2l-7> H>^-3]^1 & JL , 10 % 

<28> 2*} %(S 8 ), ell- iiEMH.(Li 2 S), Bl* #e)^s|-ol 

^(Li 2 Sn, n= 2, 4, 6, 8)« tt°.S. Af-g-sj-ji o.^ &=l$. g ^a]?]^ 
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<31> ^t^AS ^7121 i?H^ ^ 51 cj^ -g-Dfl^ 7}2\ %7] o]^7] nfl-g-°fl 

<32> ^oflA^ 3^ i^- -g-nj|°l 3^*^|* A>*^tf. 

< 34 > ^ 2^fASfe ^l-o] ^1- ^BFol^(Li 2 S), all- #e]*l sM 1= (l^, 

n= 2, 4, 6, 8)» £ ^-fl7l ^«fl^ife ^7> e -8-«T|-» ^-§-^4- * ^olH^r 

-n-^i ^^7} 85.1<£ °fllJia!7l-JiLi-iHm, 69<?1 HS-Sl^K&i-llol e ^ 43.3<?1 -gi^ 
(sulfolane)* ?M w>^*>4. 

^(sulfolane)sl $^5.7} 3.7] ^<^} °1# ^-sM^ ^7l cHU^KfiLi-lHm 

(DMC) , °fllI€mii€7Uii-lMm(EMC), cWt^KSAlHSCDEC), °fl ej 7>i£M] <>1 E. 
(MPC), riflS = S.3|itilolE(MP), ofl«=S.sl^.t|lolE( E p) | D )l^oHlEflolE( MA ) i ofl^o]. 
>*fl6flolE(EA), 5.S.^[oM1e1Io1e(pa), ii|n))^o)libEflH(DME), 1 ,3- 4 ^-i^-(DOXL) , tflS 
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<36> ^7} XI 1^1-^r 5 xfl^l 30 ^>-8-s>fe %o] Hl-^sl-c]-. XI l^^-o] 5 % o}v\ 

* ^-g-*>^, tj|$ -g-«ll£7l- 2l#(#2l)-SaM=.(Li2S„; n = 
8,6,4,2,1)0)1 tfl^ -g-sfll^r **>7l oflS-ofl h>^*H ^«j-^ol ^s) 

^ M-^l+fe Sj-^-gr 67M7> S^tfl JZ^ ^Jl, 5 7 ]\^S] 

ol = fe 3 61^^-§61h.s. %o)l tfltV *«H3E7> ^<H9i 1^^ 2-^«-^] 

<37> XI 2^8 20 ifl^l 50 «£- *HJ-*|-fe 53 ol H >^-3je>^ ( xl 3<$£-£- 20 tJM 

50 ^>-g-s>^- 3H Hl-^-aisl-4. 
<38> ^-71 2^*5q- 3^9 *£• 3^8=.^ -S-^rS] ^XlS -g^fi ^ 5^. 2^ 

?H ^*fl^*-S.fe ^ #£r 2=3 °j S^RV 3 £71- =ttffe &5L 
7] 3^*£ ^4*1 3^1 &*1<?V ^£7> £cHf #%o] '^t)-. ttJ-eH 2^£* 4 

^-g-SflJE 3-$** ^I-tsVXl *MJ-*I|3E. ^r^n^. 

<39> 2^*31- 3^&^r «l#£r .£-§■ 1:1^£7> ^tg-^Cf. -£^*j<?l ^ , 

* *°H 2^£~§- 50 % o]^- A>^-*I-ig « 0 v^^=ol ^sRr ^-S-o] iHStM-. 2^ 

* #°)H PC* Xl^ltV *fr«*lH JIXHJELS 371 "US-alt)-. 
**1 2^££- ^sleflolEloU o>S|fe. 3$=©1. oicf. of jEtF 2^*<>1 50 % °1# A> 
■g^ig HJ-*llM #4i*Hr ol-fr^fll *>M-7f € ^r-£ 

r 
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< 40 > # 7 ] 3. &^r, ell- ^4?S] ^ el»/«l*^ *sl 

#^-§- *>**H=- 2M wMM*!-^. ttirHsL^ 3X^1 Li 2 Sn (n>l), Li 2 Sn 

(n^l)o] -g-sfl^ ?fl#^^E( cat holyte), -R-^l ^ ^ #e] ^ ((C 2 Sx) n : 

x= 2.5 ifl*| 50, n>2)5. ©l^M*! ^-oflAi o^s] ^o] 

<41> O^}, yj-tgo} B>^-3S|«. ^AloflS ^AlttCf. t}o>, *>7] *R=, -S^Hfe >£<3 

21 °l*fl# $7) fl*]^ ^A^fe g. £ HV^o] s}7ls>fe A^oflofl 

<43> ^AHl 1 ifl^l 4 ^ BlJI^l 1 

<«> 60 %2] #31 %, 20 %Sj ^r^-p, 20 ft^ #e](Hl^ oMMHe)s. ^1^1 -§- 

*«SW #B^7> #<y 14^1 «>1 *e)B|# ?l-&ol Al # 

* 3^^4. "9=^-** SUSM ^ofl 12^1^- c]# ^ ^ 

^$4. °<h?-*4 ^ ^2;^ Afl3)EiioiE^» *a=h °<h?-# $hi 1 

M LiS0 3 CF 3 # £.£.3. A>-g-Brfe ^E) 7M f^fi-Sj #*fl°»# igo^^t)-. 

2) «7>^)7> ^7>^ ^7>^l7]- ^7}S)*1 gsflcq-g- 2:^- V] 7>^^Cf. ZL 

1.5 ifl*| 2.8 V21 0.1 C 15] 0.2 C 33 f^Sl, 0.5 C 5s\ 

1.0 C 1003) f-^l- ^Al^^Cl-. AH ^ UliEojlollA^ Af-g^ gti||ti|£| 2AJ4 
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S 1 





)/3z7] % 


-g-^f 

mAh/g 




i Q t~] _£L >k pj- / t"1 — i ri\. Ol 

/^5L£/^Hl^Hm 

(50/20/10/20), VC(2 
#^%) 


00 


ceo 




2-MeTHF/EC/DMC(20/40/ 
40), VC(2 ^%) 


60 


632 




2-MeTHF/EC/DMC(20/40/ 
40), ES(2 


59 


640 




2-MeTHF/EC/DMC(20/40/ 
40), BC(2 ^%) 


52 


625 


^a^Hi 4 


1,3-^^^^/^hh]- 0 J 
(50/20/10/20) 


44 


571 


HlH^l 1 


2-MeTHF/EC/DMC( 20/40/ 
40) 


49 


635 


2 



<?M ^7>fe q-E]-i4xl °lc ^7Ml7> SEKSolid Electrolyte 

Interface) «8^o.S ol*}" ^ ^tfl3 S.^ Stl^Rr <£ ^ -§-=£-§- ^cfls> 

Sl-B- 2*} ^7M1* ^g-f 44 55 %S 11 % ^7> 

52 ifl*l 60 %S. ^7>^1^ ^ofl 4^ z^t]]^ 3 %, HTllfe 11 %S\ ^t$^ 7 } 9 siaj^a 
olfe 41 *H 1 4S] ^*flon ^7Hl7> e)-§- x^<Hl SEI* 3>a*W 
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Hlfl-fl^: €*HH:E Slsl-7> <y^^ VC1- til*«fl^1 ESCEthylene Sulfide)^ ^ 
3:41 
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[«!■*) 3 ^Slfl] 
13 ^ 1] 

*STOl"g- °<?^S ^-g-sl-Ji, el#^ g:- e|fl-^sl ^--g-fc ^>-§-*V 
«1^-8"S 3# UN 2*> o^a], 

7K5UiHJ=(EC), = 3.*«7Ksmi<WPC), ^i^(SL), ^V-¥-^s.^(GBL)s. °l-f- 

°)1 3! 1-11 °1S (EMC), i^Hll^iLuiHE^DEC), ^1 li SS^Kai-lHS (MPC) , °fl ^SS 
si .2.1-11 o]e (mp) ; ofl^n £ .3)^.t|lolE( E p) ) ufl^oMEflolEdUA), o11^oHlEfl 0 lS(EA), = 

S^oMltflolSCPA), ^°il*<Hl^tll = (DME), l,3-^^-4i^, ^lSeHHS-.S-^CTHF), ^ 
2-o)l^EflEe^s|. 0 |5LS.fl-^(2-MeTHF)-OS. o]^^) ^o\]x] ^ Af-g-s}^ 3 

-Q&til 5l |7Ht S^Rr ^J* f^S e]# gs| 2*> 3*1-8- 

13 T 1 * 2]' 

■#7l *(1 l^-g^l 5 vfl^l 30 %°)JL, 2^^ 20 tfl^l 50 %°H , *)1 3^-g- 20 
i-fl*l 50 %sl al#s. -g-fj-sl ^«fl^. 

IS?* 3] 

^-71 *ltfl<go] Bl#«]A>s^.^e. 5 c : A : ^olE (lithium hexaf luorophosphate, LiPF 6 ), 
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5ll-EflSsl-§^-iLs.a.e11olE( Li BF4), Em^}§^S<4^^1H<=(LiAsF 6 ), sliMI-i- 
3.3HJ=(LiC10 4 ), Eel^SiSTfl^S^ olnlJ=(LiN(CF 3 S02)2) S 3 f-Sel-s-Jf- 

^.s^ £L HolE( CF3S 03Li)S o]*o\& *«1M -Jd^S)^ 1# ^O] #*flafl. 

I^t 1 * 4] 

^tfl'Ssl 0.5 ifl^l 2.0 U91 #*fl«i. 

I^t 1 * 5] 

l^T 1 * 6] 

^"71 %#^ol Jl^fl Li 2 S n (n>l), Li 2 Sn (n>l)°l -g-Sfl« 7fl#^l 

^(catholyte), -R-7l ^ #e^((c 2 S x ) n = x= 2.5 xfl*] 50, n>2)5. 

13 t 1 * 7] 

#7l ^7>»l7]- 7-Vi.t)lolE(vinylene Carbonate), °\]H3l ^4°l^(Ethylene 

Sulfite) ^ Hl^-T-i ?>a.Lllo]E (Bismuth Carbonate)^. fl^-<H?l -<d@}=I 3J<?1 
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#7l $7H|S1 <g=ol &*H<q #*)H tfl«H o.2 ^fl*l 10 %<?] =!l*t|«!. 
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